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THE EFFECT OF THE NEONICOTINOID CLOTHIANIDIN ON RING-NECKED 
PHEASANT SURVIVAL AND REPRODUCTION 
MICHAEL SUNDALL 
2020 
Ring-necked pheasants (Phasianus colchicus) are economically important to the 
state of South Dakota bringing in over one hundred million dollars in revenue each 
season. The population is known to fluctuate temporally for many reasons, often weather 
related. Unfortunately, no research has been conducted involving ring-necked pheasants 
that evaluated the impact or interaction of neonicotinoids on the species. The objective of 
our study was to gain an understanding of how the neonicotinoid, Clothianidin, affects 
survival and breeding in pheasants. Our first experiment was to determine if there was a 
selection bias for seeds treated with neonicotinoids. In this experiment, eight ring-necked 
pheasants (4 hens and 4 roosters) where placed in an enclosure for 10 days. They were 
provided a choice of three options; untreated, dyed, and dyed/treated seed corn. Seeds 
were treated with Poncho
®
 1250 (containing Clothianidin) and dyed with Rhodamine B 
to match the color of treated seeds. Pheasants selected (P < 0.0001) untreated seeds over 
dyed and treated seeds. We then collected 185 wild ring-necked pheasant hens from their 
primary range in South Dakota during the 2017 spring agricultural planting season. We 
necropsied collected pheasants and collected liver, spleen, and crops. We examined crop 
contents; 151 (~81.6%) of 185 hens had consumed agricultural seeds and of those 24 
(~12.9%) of 185 hens had seeds that had treatment dye. We found that ~15.68% of the 
hens had greater than 0.5 parts per billion (ppb) neonicotinoid concentrations in livers. 
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Pheasants that had consumed neonicotinoid treated seeds averaged ~3.49 ng/mL 
Clothianidin versus ~1.90 ng/mL for birds that did not have confirmed treated seeds, 
which was significantly different (P < 0.04). To test survival of pheasants exposed to 
Clothianidin in the 2016 field season, groups of 15 captive hen pheasants received seeds 
of Armor
®
 (Jonesboro, Arkansas, USA) Seed Corn 1046 or Armor® (Jonesboro, 
Arkansas, USA) Seed Corn 1046 that had been treated with Poncho 1250 (1.25 mg/seed). 
The five treatment levels consisted of 75 treated seeds, 15 treated seeds, 2 treated seeds, 1 
treated seed, and 0 treated seeds (control), which were used in all trials (2016-2017). For 
the four groups that did not receive 75 treated seeds, untreated seeds were used to fill out 
the 75 total seeds provided to pheasants. Hens were then monitored for sixty days. After 
death or euthanasia, hen pheasants were necropsied for lesions or tumors.  In 2017, our 
breeding study consisted of 14 days of treatments for captive pheasants, which were 
identical to the previous year’s treatments except roosters were included with hen 
pheasants. There were 5 replicates of 10 hens and 5 roosters. All pheasants received 75 
seeds of Armor® (Jonesboro, Arkansas, USA) Seed Corn 1046. The same seed and 
variety also were treated with Poncho 1250 for the treated seeds. After the 14 days of 
treatments, hens were placed in breeding cages. Eggs were collected for the 8 days of 
breeding and 30 days following breeding and placed in an incubator. The 2016 survival 
results showed support for the null model (AICc 123.88). The survival results from 2017 
indicated that the likelihood of survival for pheasants consuming the 75 treated seeds was 
0.49 while the other treatments (combined) had a survival probability of 0.83. Survival of 
pheasant chicks differed; chicks from the 75 seed treatment had a survival rate of 0.50 
(SEM = 0.13), whereas survival for 15, 2, 1, and control treatments were 0.73 (SEM = 
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0.14), 0.81 (SEM = 0.09), 0.62 (SEM = 0.08), and 0.71 (SEM = 0.07), respectively. Our 
study indicated that pheasants avoid treated seeds, survival probability was lower for 
pheasants consuming the 75 treated seeds treatment in 2017, and pheasant chick survival 
and nest initiation were lower and later for the higher treatment levels of Clothianidin. 
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CHAPTER 1: GENERAL INTRODUCTION INTO THE NEONICOTINOIDS 
AND THEIR INTERACTION WITH RING-NECKED PHEASANTS 
Ring-necked pheasants (Phasianus colchicus) are a highly adaptable gallinaceous 
bird widely distributed throughout the United States; native habitat included large tracts 
of Asia. Efforts to establish ring-necked pheasants via releases have occurred throughout 
North America (Graham and Hesterberg 1948, Ridgely et al. 2003; Figure 1.1). The 
Midwest is one of the most successful regions for ring-necked pheasants in the United 
States due to conversion of some grassland to row-crop and other forms of agriculture 
that contain patches of grass and brush throughout the grain field system (Holt et al. 
2010). Ring-necked pheasants rely on habitat that has a mosaic of cropland and other 
habitats in and around agricultural fields. The Natural Resource Conservation Service 
(NRCS) recommends that corn (Zea mays) and other agricultural grains be part of ring-
necked pheasant habitat (Natural Resource Conservation Service 1999). Recent changes 
in modern agricultural farming have caused decreases in the quality of habitat available 
to pheasants due to a shift to increase production of row crops and the associated 
increased herbicide use focused on eliminating weeds, so much so that 96% of cornfields 
are treated with an herbicide (Lybecker 1991). Other changes include the elimination of 
fencerows around some fields, decreased implementation of waterways, and increased 
human use of other agricultural habitat that is not designated as row-crop agriculture 
(Conover 2014).  
Along with the aforementioned changes, differences in the chemicals used in 
agricultural production have been transformed to replace a majority of the carbamate and 
organophosphate compounds considered dangerous to non-target organisms (Schaafsma 
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2015). In 1999, a new class of insecticides called neonicotinoids was released, and the 
first insecticide in this class was Imidacloprid (Abou-Donia et al. 2008). Some have 
argued that neonicotiniods were rushed through the United States Environmental 
Protection Agency registration protocol despite warnings that the review process revealed 
persistence of Imidacloprid in the environment, and that there were acute and chronic 
effects on birds, and chronic breeding effects of Clothianidin demonstrated in mammals 
and birds (Mineau et al. 2013). Neonicotinoids are a systematic chemical, which means 
that it is translocated throughout the tissues of plants (Gibbons et al. 2015). This 
characteristic, paired with the chemistries’ high binding affinity with nicotinic 
acetylcholine receptors (Tomizawa and Casida 2003), makes them an effective, 
management tool for insect herbivores.  
The toxicity of neonicotinoids differ among members of this class of insecticides 
as well as among organisms. For example, Clothianidin, displays higher insecticidal 
activity than some of the other neonicotinoid insecticides, but it has a low acute oral 
toxicity for mammals (Bal et al. 2012b). Conversely, Imidacloprid is moderately to 
highly toxic to birds, especially small bodied birds (Gibbons et al. 2015). Some of the 
principal pests targeted by neonicotinoids include aphids (Aphidoidea), leafhoppers 
(Cicadellidae), whiteflies (Aleyrodidae) and other sucking or chewing insects that are 
vulnerable, because of the water solubility and systematic nature of the chemical 
(Tomizawa and Casida 2003). Neonicotinoids are often used as seed coatings, but are 
versatile enough to be used in foliar sprays as well. This flexibility is useful to 
agricultural producers; the ease of use regarding seed coating options provides possible 
protection with little effort from producers. 
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 Neonicotinoid coatings have become commonplace in modern agriculture as most 
seeds are coated with a treatment including at least one of the neonicotinoid compounds. 
Often with some of the major crops such as corn, the seeds are treated before sale 
(Douglas et al. 2015). So much so, that sales of Imidacloprid,  Clothianidin, and 
Thiamethoxam totaled $1.091 billion, $439, and $627 million, respectively, in 2009 
(Jeschke et al. 2010). Some of the common trade names for these chemicals include 
Cruiser
®
 (Syngenta International AG, Basel, Switzerland), which contains 
Thiamethoxam, Gaucho
®
 (Bayer AG, Monheim am Rhein, Germany) whose active 
ingredient is Imidacloprid, Poncho
®
 (Bayer AG, Monheim am Rhein, Germany) and 
Acceleron
®
 (Monsanto, Saint Louis, Missouri, United States of America) whose active 
ingredient is Clothianidin. These chemical seed treatments are used on a variety of crop 
species including but not limited to the Midwest’s main agricultural crops of wheat 
(Triticum aestivum), corn, and soybeans (Glycine max).  
The amount of chemical on seeds (seed coatings) also can vary, such as the seed 
coating Poncho
®
, which can come in treatment levels of Poncho 250 (0.25 mg/seed), 
Poncho 500 (0.5 mg/seed), and Poncho 1250 (1.25 mg/seed) (Badische Anilin- und Soda-
Fabrik of Ludwigshafen, Germany) (BASF 2019). The amount of active ingredient can 
change among chemicals and is usually less than the treatment applied. Poncho
®
 has 
Clothianidin as 48% active ingredient (BASF 2019), whereas Gaucho
®
 is 48.7% 
Imidacloprid (Bayer 2019). The rate used often depends on the geographic area where the 
seeds are planted as pest prevalence and environmental factors can have input on the 
treatment level that works best. The Environmental Protection Agency’s (EPA) pesticide 
registration label for Poncho 600 suggests using 1.25 mg per seed (Poncho 1250) to 
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control corn rootworm (Diabrotica) and 0.25-0.5 mg per seed (Poncho 250 or Poncho 
500) to control black cutworm (Agrotis ipsilon) (EPA 2010). The United States 
Geological Survey’s most current heat map indicates high use of Clothianidin in the 
Midwest (Figure 1.2, United States Geological Survey 2018). However, effectiveness of 
these chemicals has been called into question. Seagraves and Lundgren (2012) found that 
the neonicotinoid seed treatments on soybeans had little to no yield effect suggesting the 
possibility that using seed treatments for pest control represents a cost to producers while 
negatively affecting non-target, potentially beneficial insects. 
Environmental exposure can occur in a variety of ways depending on application 
technique used. The most common way neonicotinoids find their way into the 
environment in the upper Midwest is through seed treatments. Unfortunately, seed 
treatments suffer from a major flaw, in that the chemicals do not always stay on the seed 
throughout the planting process. In one greenhouse study, plant uptake was 1.6% to 20% 
of the seed treatment depending on the seed species (Sur and Stork 2003). The authors 
mentioned that uptake amount might be higher than under actual field conditions. The 
reason for this was because the soil quantity in the greenhouse was controlled, limiting 
the ability of neonicotinoids to leach.  
There are several environmental pathways whereby neonicotinoids can spread 
through the environment. One source comes from dust associated with the planting 
process. Despite this loss, seeds will usually have some neonicotinoid treatment when 
planted. The seed may be found and ingested by non-target species, especially since not 
all seeds manage to get properly planted and spillage can occur (Roy et al. 2016). 
Another opportunity for loss of neonicotinoid is that subsequent to the plant absorbing 
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the neonicotinoid, it can then be passed to an insect or animal chewing on this plant. 
Additionally, it is possible that the seed coating finds its way into the water system where 
it can come into direct contact with aquatic and terrestrial wildlife as some of these 
compounds can have half-lives of hundreds of days. For example, Clothianidin can 
persist in the environment for up to 1,386 days in the soil and has a half-life of over 500 
days (Mason et al. 2013; Morrissey et al. 2015). In Iowa, neonicotinoids (especially 
Clothianidin) were regularly found in rivers and streams, often at a higher rate than older 
organophosphate and carbonmate chemicals (Hladik et al. 2014).  
Neonicotinoids have been shown to affect a multitude of species across multiple 
taxa, though birds have been less studied; in contrast to insects and some mammals. 
Neonicotinoids are shown to have lethal and sub-lethal effects on non-target terrestrial 
and aquatic invertebrates (Goulson 2013). Mammals also tend to be affected by 
neonicotinoids. Rats (Rattus norvegicus) have been found to suffer from a variety of 
effects: thyroid lesions, reduced weight gain in offspring, oxidative stress, a reduction in 
sperm production, smaller offspring, skeletal abnormalities, abortions and 
neurobehavioral deficits (Gibbons et al. 2015). Even larger mammals like white-tailed 
deer (Odocoileus virginianus) can experience reduced activity in not just adults, but also 
their progeny, which can also have lower survival rates, decreased size and health when 
their mothers consume Imidacloprid (Berheim et al. 2019). 
Ring-necked pheasants can encounter Clothianidin by ingesting treated seed. Red-
legged partridge (Alectoris rufa) were shown to avoid Imidacloprid treated seeds, but did 
consume some albeit at lower amounts, when they did not have other feed available 
(Lopez-Antia et al. 2014). Wild turkeys (Meleagris gallopavo) harvested in the spring in 
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Ontario, Canada showed that 43% percent of livers were contaminated by a neonicotinoid 
compound (MacDonald et al. 2018). Wistar rats (Rattus norvegicus) have shown that the 
amount of Clothianidin decreases drastically after 24 hours, mostly excreted through 
urine and fecal pathways (Yokota et al. 2003). However, ingestion of treated seeds can be 
lethal. Gibbons et al. (2015) calculated that consumption of just six treated seeds at 0.9 
mg of Imidacloprid per seed would be lethal to the gray partridge (Perdix perdix). The 
LD50 was 13.9 mg/kg of body weight for these partridges; whereas it was 1.5 seeds for 
house sparrows (Passer domesticus) who had a LD50 of 41 mg/kg of body weight 
(Gibbons et al. 2015). In contrast, mallard ducks (Anas platyrhynchos) had a LD50 for 
Clothianidin of 1333 mg/kg of body weight (Goulson 2013). Though Imidacloprid is 
more lethal to birds than Clothianidin, the closely related Japanese quail (Coturnix 
japonica) and bobwhite quail (Colinus virginianus) have LD50’s of 31 and 152 mg/kg of 
body weight, respectively (Lopez-Antia et al. 2013). The dangers posed by seeds that 
were treated with Imidacloprid at a rate of 1.4 mg/g per seed, twice the label rate, had a 
mortality rate of 58% even though birds were given the option to eat or avoid the seeds in 
10 days of feeding (Lopez-Antia et al. 2013). When this study was replicated by the same 
group of researchers mortalities were higher than the previous study with no red-legged 
partridge survving beyond 21 days; results indicated a bias to females suffering 
mortalities first as Imidacloprid was beginning to concentrate in livers (Lopez-Antia et al. 
2015). Clothianidin also was lethal to male quail at 50 mg/kg of body weight causing 
death in a test subject after 8 days (Tokumoto et al. 2013). If the eggs themselves have 
neonicotinoid contamination it can also be lethal for the embryos. Hussein et al. (2014) 
found that 50 μLof Imidacloprid injected into white leghorn chicken (Gallus gallus 
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domesticus) eggs decreased embryo survival to 54.3% and increased developmental 
problems.  
While these chemicals can be lethal, sub-lethal doses may also directly affect the 
breeding effectiveness of the non-target animals. Male Wistar albino rats saw decreased 
reproductive success due to lower testosterone levels, lower sperm concentration, 
increased abnormal sperm morphology, and physical changes to the male reproductive 
organs with the highest dosage level being 8 mg of Imidacloprid per kg of body weight 
(Bal et al. 2012a). The neonicotinoid Clothianidin caused Wistar male rats to have 
increased abnormal sperm rates, increased sperm DNA fragmentation, decreased 
epididymal sperm concentration, among other adverse reproductive effects causing the 
fertility rate to decrease at a nonlethal treatment rate of 32 mg/kg of body weight/day for 
90 days (Bal et al. 2012b). Lopez-Antia et al. (2013) also found that even at labeled rates 
of treated wheat seeds and wheat seeds treated at twice the recommended rate, fertility 
was significantly different than for red-legged partridge that did not have access to 
Imidacloprid, and that the contacted hens laid fewer eggs and delayed their laying 
(Lopez-Antia et al. 2015). Tokumoto et al. (2013) documented that Clothianidin caused 
increases in fragmented sperm in male quail, though this finding did not indicate a 
statistical difference in fertility compared to the control. 
The neonicotinoid Imidacloprid at a non-lethal dose of 337 mg/kg of body weight 
had multiple impacts on the functional responses on exposed prenatal progeny Sprague-
Dawley rats (Rattus norvegicus) causing problems with beam crossing speed and grip 
strengths of the rats post birth (Abou-Donia et al. 2008). Along with causing reproductive 
problems in male Italian wall lizards (Podarcis sicula) at less than lethal doses of 
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Imidacloprid (46, 100, 215, and 464 mg/kg of body weight), Imidacloprid caused 
locomotor activity decreases, seizures, and tremors (Cardone 2015). Male rabbits 
(Oryctolagus cuniculus) treated at one-tenth of their LD50 (45 mg/Kg of body weight) 
suffered sub-lethal effects such as fatigue, dizziness, diarrhea, and convulsions (Memon 
et al. 2014). The duration of these effects can be variable; Rahu (Labeo rohita) showed 
that over time (64 days), exposure to Imidacloprid at non-lethal levels caused behaviors 
such as scale loss, color change, and physical difficulties (Qadir et al. 2014). Tokumoto et 
al. (2013) showed sub-lethal effects of Clothianidin at 50 mg/kg of body weight caused 
convulsions, crouching, tottering, and feather ruffling in male quail.  
Difficulties occur when trying to understand how neonicotinoids affect non-target 
species, as the connections are poorly understood for many species. However, 
neonicotinoids can pose serious threats to non-target species, including birds. Ring-
necked pheasants in South Dakota reside in areas surrounded by row-crop agriculture and 
depend on crops for food sources (Trautman 1982). Though Imidacloprid is more lethal 
to birds than Clothianidin (Gibbons et al. 2015), corn is mostly treated by the latter and 
closely associated with ring-necked pheasants. The purpose of this study was to 
determine effects of exposure of Clothianidin on ring-necked pheasants. Particular 
questions that were evaluated include: is there an avoidance, are pheasants encountering 
the neonic in the wild, how lethal is the chemical, and does it affect their breeding 
success? It is paramount that we understand this interaction between ring-necked 
pheasants and Clothianidin so that we can understand the factors driving population 
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Figure 1.2. Heat map indicating estimated use of Clothianidin across the continental 




CHAPTER 2: SEED SELECTION AND CONTAMINATION OF 
NEONICOTINOIDS IN CAPTIVE AND WILD RING-NECKED PHEASANTS 
ABSTRACT 
 Ring-necked pheasants are economically important to the state of South Dakota 
bringing in over one hundred million dollars in revenue each season. The population is 
known to fluctuate temporally for many reasons, often weather related. One concern 
wildlife managers have is the potential effects of neonicotinoid insecticides on pheasants 
because 34% of the diet in the spring is agricultural seeds and most agricultural seeds are 
coated with a neonicotinoid insecticide, which could be harmful to birds if consumed at 
high levels. Unfortunately, no research has been conducted involving ring-necked 
pheasants that evaluated the impact or interaction of neonicotinoids on the species, which 
was the objective of this study. To test if there was a selection bias for seeds treated with 
neonicotinoids, eight ring-necked pheasants (4 hens and 4 roosters) where placed in an 
enclosure for 10 days. For the first three days of the trial, they were fed regular Meat 
Maker feed; thereafter, they were provided a choice of three options; untreated, dyed, and 
dyed/treated seed corn. Seeds were treated with Poncho
®
 1250 and dyed seeds with 
Rhodamine B to match the color of treated seeds. Seed options were placed in specially 
designed feeders to catch seeds that might have been thrown out of feeders to decrease 
false consumption; feeders were rotated daily to eliminate position bias. Our results 
indicated that there was a statistical difference (P < 0.0001) in seed selection over the 8 
trials. Pheasants selected untreated seeds over dyed and treated seeds.  We then collected 
185 wild ring-necked pheasant hens from their primary range in South Dakota during the 
2017 spring agricultural planting season. We necropsied collected pheasants and 
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collected livers, spleens, and crops. We examined crop contents; 151 (~81.6%) of 185 
hens had consumed agricultural seeds and of those 24 (~12.9%) of 185 hens had 
consumed seeds that had treatment dye. We found that ~15.68% of the hens had greater 
than 0.5 parts per billion (ppb) neonicotinoid concentrations in livers. All livers averaged 
~2.1026 ng/mL, which indicated that neonicotinoid contamination was low. When we 
looked at birds that had consumed neonicotinoid treated seeds we saw that average 
ELISA values increased to ~3.4896 ng/mL versus ~1.8958 ng/mL for birds that did not 
have confirmed treated seeds, which was significantly different (P< 0.0422). When the 
ELISA values were separated among different crops of confirmed treated seeds, corn 
provided the highest neonicotinoid concentration value with an average value of ~6.0440 
ng/mL (corn), while the concentration was ~2.2291ng/mL for soybeans and ~1.6396 
ng/mL for wheat. When these values were compared corn was significantly different for 
soybeans and wheat (P< 0.0369; 0.0233), and soybeans and wheat were not significantly 
different (P< 0.9223) from one another.  So, though pheasants might avoid neonicotinoid 
treated seed, some free-ranging pheasants consumed treated seed in the wild. 
Concentrations are usually fairly low even though agricultural seeds provide an important 
part of a ring-necked pheasants spring diet. The reason is likely that the hens avoid eating 
the seeds with large amounts of the neonicotinoid treatment or the neonicotinoid coating 




CHAPTER 2: SEED SELECTION AND CONTAMINATION OF 
NEONICOTINOIDS IN CAPTIVE AND WILD RING-NECKED PHEASANTS 
Objectives: 
 
 Determine if ring-necked pheasants avoid neonicotinoid treated seeds when other 
non-treated seeds are available. 
 Do ring-necked pheasants encounter neonicotinoids in the wild? 
 
Introduction 
The ring-necked pheasant (Phasianus colchicus) is an economically important 
game bird for the State of South Dakota as well as many other states. Pheasants carry 
such value and, estimates of the economic impact brought to the State of South Dakota in 
2014 were around $154 million (SDGFP 2016). This importance makes the management 
of ring-necked pheasants critical to Midwestern wildlife managers. Unfortunately, 
populations of pheasants often fluctuate due to several factors, often habitat and weather 
related. Recently, pheasant populations have been in decline, not just in South Dakota but 
other states as well, and especially in highly intensified agricultural landscapes (Pabian 
2015). Pabian (2015) attributed changes in the agricultural landscape, such as increased 
monoculture fields, loss of wetlands, and increased pesticide use as reasons for the 
decline.  
In 1999, a new class of insecticides named neonicotinoids was commercialized; 
the first being Imidacloprid (Abou-Donia et al. 2008). Fear over the dangers of 
Imidacloprid use were reported by the Environmental Protection Agency’s review, which 
mentioned serious concerns for birds being, acutely and chronically harmed; chronic 
breeding effects were documented from use of Clothianidin (Mineau et al. 2013). Use of 
neonicotinoid insecticides represented a shift away from the use of organophospate 
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pesticides, which also were considered dangerous to non-target organisms (Schaafsma 
2015). Water solubility of neonicotinoids and systematic nature, compounded by the fact 
the class of chemicals has a higher binding affinity in insects helped make them effective 
against target species (i.e., insects; Tomizawa and Casida 2003). Additionally 
neonicotinoids are persistent in the environment, Clothianidin has a half-life of over 500 
days and can persist for up to 1,386 days in the soil (Mason et al. 2013; Morrissey et al. 
2015).  
A common application of neonicotinoids is through seed coatings; in fact, these 
are so common that most major crops, like corn, are treated before sale and non-treated 
seeds are specially made (Douglas et al. 2015). A majority of South Dakota’s major crop 
seeds (e.g., corn, soybeans, and wheat) are ordinarily coated with at least one of the 
neonicotinoid active ingredients (≥94% of U.S. corn, ~50% of U.S. soybeans; Stokstad 
2013); Thiamethoxam, Imadacloprid, or Clothianidin (Main et al. 2014). Sales of 
Imidacloprid, Clothianidin, and  Thiamethoxam totaled about $1.09 billion, $439, and 
$627 million, respectively, in 2009 (Jeschke et al. 2010). Some of the common trade 
names for these chemicals include Cruiser
®
 (Syngenta International AG, Basel, 
Switzerland), which contains Thiamethoxam, Gaucho
®
 (Bayer AG, Monheim am Rhein, 
Germany) whose main neonicotinoid is Imidacloprid, and Poncho
®
 (Bayer AG, Monheim 
am Rhein, Germany) and Acceleron
®
 (Monsanto, Saint Louis, Missouri, United States of 
America) with the main component being Clothianidin. The amount of chemical on seeds 
(seed coatings) also can vary; for example, the seed coating for Poncho
®
, which is 
produced in treatment levels of Poncho 250 (0.25 mg/seed), Poncho 500 (0.5 mg/seed), 
and Poncho 1250 (1.25 mg/seed) for corn, is outlined by the BASF Agricultural 
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Chemical webpage for Poncho
®
 (Badische Anilin- und Soda-Fabrik of Ludwigshafen, 
Germany) (BASF 2019). 
Because of their pervasive use and persistence, neonicotinoids chemical 
compounds are often found throughout the environment. In Iowa, neonicotinoids 
(especially Clothianidin) were regularly found in rivers and streams, often at higher rates 
than older organophosphate and carbamate chemicals (Hladik et al. 2014). 
Neonicotinoids have relatively low associations with seeds post planting with estimates 
being only 1.6 to 20% of the treatment surviving the sowing process (Sur and Stork 
2003). With neonicotinoid residues working their way into and lasting in the 
environment, their effects may be far reaching. Due to the increasing role of pesticides 
and herbicides in crop management, farmland habitat may negatively impact insect prey 
availability and, therefore, survival of wild gamebird chicks, particularly because chick 
survival has been shown to be positively correlated with insect prey availability (Rands 
1986). A more direct effect may be ring-necked pheasants eating the pesticide-treated 
seeds themselves. 
Ring-necked pheasants may eat treated seeds in row crops fields or food plots as 
other natural foods or insects may not be as readily available. The South Dakota 
Department of Agriculture (Pierre, SD, USA) conducted a survey of sunflower farmers 
that resulted in 98% of producers indicating that ring-necked pheasants consumed some 
of their seeds or seedlings in 2009 (Werner 2009). Ring-necked pheasants also likely 
target seed corn. During late spring months around 34.65% of pheasant diets are 
comprised of corn (Trautman 1982). Other bird species also consume foods with 
neonicotinoids; wild turkeys (Meleagris gallopavo) harvested in the spring in Ontario, 
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Canada showed that 43% percent of livers were contaminated by  neonicotinoids 
(MacDonald et al. 2018). 
Neonicotinoid concentrations may have lethal and sub-lethal effects on non-target 
birds. Indeed, even at the time of their registration, Imidacloprid and Chlothianidin had 
known deleterious effects on birds (Mineau et al. 2013). Indirectly, neonicotinoids can 
reduce pheasant populations by reducing insect communities. Chick production is 
dependent on these insect food resources (Rands 1986). Seeds that were treated with 
Imidacloprid at 1.4 mg/g per seed, twice the labeled rate, had a mortality rate of 58% 
even though birds were given the option to eat or avoid the seeds in 10 days of feeding 
(Lopez-Antia et al. 2013). When this study was replicated by the same group of 
researchers the following fall and spring they saw increased mortalities with no red-
legged partridge living beyond 21 days; results indicated a bias to females suffering 
mortalities first as Imidacloprid was beginning to concentrate in their livers (Lopez-Antia 
et al. 2015). If the eggs themselves have neonicotinoid contamination, the chemical also 
can be lethal to the embryos. Hussein et al. (2014) found that 50μl of Imidacloprid added 
to white leghorn chicken (Gallus gallus domesticus) eggs decreased embryo survival to 
54.3% and increased developmental problems. Clothianidin also was lethal to male quail 
at 50 mg/kg of body weight causing death in a test subject after 8 days (Tokumoto et al. 
2013). 
Sub-lethal effects also can hamper the physiology of contaminated birds. Lopez-
Antia et al. (2013) found that even at labeled rates along with wheat seeds treated at twice 
the labeled rate, fertility was significantly different than in red-legged partridge that did 
not have access to Imidacloprid, and that the contacted hens laid less eggs and delayed 
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their laying (Lopez-Antia et al. 2015). Tokumoto et al. (2013) documented that 
Clothianidin caused increases in fragmented sperm in male quail, though this finding did 
not result in a statistical difference in fertility compared to the control. Tokumoto et al. 
(2013) showed signs that Clothianidin at 50 mg/kg of body weight caused convulsions, 
crouching, tottering, and feather ruffling in male quail. 
Despite research conducted on the effects of neonicotinoid insecticides on birds, there is 
no information on their effects on ring-necked pheasants.  We were interested in 
assessing if pheasants actively avoided treated seed in captivity and in the wild.  
Study Area 
 In this project there were two objectives, which were evaluated independently of 
each other. We evaluated seed avoidance in the poultry building at the South Dakota 
State Fairgrounds in Huron, South Dakota during summer 2016. That building had an 
east facing lean-to with access to sunlight and fresh air. The size of two created 
enclosures were ~4.91 meters (16’1.5”) in length, ~6.40 (21’) meters in width, and ~2.92 
(9’9”) meters in height. Pens had an 18.93 L (5 gallon) poultry waterer, a ~11.36 L (3 
gallon) rubber pan filled with gravel for dusting, and grit collection along with the three 
specially designed feed pans. The pens were bedded down with harvested wheat 
(Triticum aestivum) straw to ensure diets were not affected by opportunity to select wheat 
grains (Figure 2.1). 
The second objective was an evaluation of wild pheasants in eastern South Dakota 
and included specimens from most counties except those of the lower southeastern region 
of the state (counties included: Campbell, Walworth, McPherson, Edmunds, Brown, 
Marshall, Roberts, Day, Grant, Codington, Hamlin, Deuel, Clark, Spink, Faulk, Potter, 
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Sully, Hughes, Hyde, Hand, Beadle, Kingsbury, Brookings, Moody, Minnehaha, Lake, 
McCook, Miner, Hanson, Sanborn, Davison, Douglas, Charles Mix, Aurora, Brule, 
Lyman, and Tripp). Eastern South Dakota is the primary range for ring-necked pheasant 
populations and corresponds to the area of high row-crop agriculture. Timing of this 
objective was during May 2017, which corresponded to corn, wheat, and soybean 
planting throughout the state.  
Methods 
 For the first objective, 8 replicates of 8 ring-necked pheasants, which consisted of 
4 females and 4 males were placed in enclosures. Birds were assimilated to the 
enclosures for three days and were supplied with non-medicated Meat Maker (ADM 
Animal Nutrition, Quincy, IL) feed. The feed was placed in 3 specially designed feeders. 
The feeders were ~7.571 L (2 gallon) rubber feed pans bolted to small plastic pools with 
a height of 17.75 cm and a diameter 110.5 cm. On the third day following acclimation, 
the feed was switched to seed corn of three types; seeds treated with Poncho
®
 1250 and a 
colored dye, untreated seeds with colored dye, and untreated seeds without dye, each 
receiving their own pan. Each feed pan contained 1000 grams of each corn seed type and 
was refilled daily to 1 kg, which nearly filled the pan. Feed pans were designed to 
eliminate some of the problems associated with the feeding nature of pheasants. The 
rubber pans helped with aggressive pecking and scratching, while the pool captured seeds 
thrown out of pans. Modified pans helped to document true consumption of seeds and 
thus, decreased bias. The corn seed used for all three experiments was Viking seed corn 
(Albert Lea, MN, USA), variety 49-09N. Seeds were treated with Poncho
®
 1250 (1.25 
mg a.i. per seed) as well as the federally mandated dye. Dyed seeds not treated with 
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Poncho were dyed with Rhodamine B (Sigma-Aldrich, Saint Louis, MO) ~10 mg mixed 
with 9 L of water, so that they were the same color as the treated seed. Daily amount 
consumed was recorded in grams, refilled, and then rotated to remove position bias. For 
seven days the pheasants selected seeds after which birds were euthanized following 
approved South Dakota State University IACUC protocol (15-073A).  
To complete the second objective, South Dakota Game, Fish and Parks officials 
collected hen pheasants in spring 2017 because hens carry a greater impact on 
populations than their male counterparts. The thought being males can service many 
females, but only females have the ability to nest. Shick (1947) postulated that one 
rooster can service 10 to 12 hens in the spring. The hens were collected after row-crop 
planting had started throughout eastern South Dakota. To determine the start of plantings, 
we used reports from the United States Department of Agriculture 
(https://www.nass.usda.gov/Charts_and_Maps/Crop_Progress_&_Condition/2017/index.
php); SDGFP officials confirmed those reports. Hens were collected in the morning often 
while feeding. The method of collection involved harvesting with a shotgun with 
standard shot. After collection, pheasants were frozen as quickly as possible to avoid 
neonicotinoids from being expelled/excreted from the body or tissues. All birds were 
individually tagged with the location collected, time collected, and time placed in 
freezers. Hens were later dissected and body tissues saved; tissues being brain, crop, 
spleen, liver, breast muscle, kidneys, and gizzard. Crops were analyzed and checked for 
treated seeds, noting those seeds with a colored seed coating. 
The amount of Clothianidin was quantified in the liver and spleens using Enzyme-
linked Immunosorbant Assays (ELISAs) (Abraxis, Warminster, PA). To prepare samples, 
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0.5-0.75 g of liver/spleen tissue were eviscerated with a sterile scalpel and vortexed with 
RO water (ratio of 1 gm of tissue per 1 mL of RO water) in centrifuge tubes. Centrifuge 
tubes were then heated in a water bath for 10 minutes at 80˚C and subsequently frozen 
until analyzed.  When analyzed, centrifuge tubes were thawed and were spun at 10,000 g 
to separate liquid from solids. Stock solutions were made to compare tissue samples to 
standards; levels were 2, 1, 0.5, 0.25, 0.13, 0.06, 0.03, and 0 parts per billion. In an effort 
to be conservative and thus, reduce the chance of false-positive results, we used liver and 
spleen samples as our negative controls eliminating matrix bias. We also used three 
standard curves to calculate specific values and only considered samples positive if above 
the negative control series by 2.5 times the variance of that series. Plates were then 
prepared in the following sequence. First, 50 μL of buffer was added to the wells; then 50 
μL of standard solution (2, 1, 0.5, 0.25, 0.13, 0.06, 0.03, or 0 ppb) or samples were added. 
Fifty μL of enzyme conjugate solution was then added. The plate of wells was then 
covered and mixed for 30 seconds. The plate was then incubated at room temperature for 
an hour, after which it was washed three times and dried by patting against a paper towel. 
Color solution was then added at 150 μL and incubated at room temperature for 25 
minutes. A stop solution was then added at 100 μL per well. Samples were then read at 
450 nm using a microplate reader (uQuant, Biotek Instruments, Winooski, VT). Our 
approach to these ELISAs likely underestimated the number of contaminated tissues due 
to the conservative nature of our controls, and our establishment of a detection threshold. 
Statistical Analysis 
 Statistical analysis for the seed selection study was conducted using SYSTAT 
(Version 13). An analysis of variance (ANOVA), was run to compare consumption of the 
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three different seed options on replicate groups.  An ANOVA also was used to check 
statistical differences by region with the ELISA results from liver and spleen samples of 
individual hens using RStudio.Version ( 3.2.3.). 
Results 
 The Viking seed corn was consistent in size and except for the dye, was 
indistinguishable among the three seed types. However, the dyed types of seed upon 
close examination showed a slight chalky presence on the seeds. The ANOVA for seed 
selection indicated that pheasants selected for the untreated and undyed seed whereas 
they avoided dyed or dyed and treated seeds (F= 12.33; P< 0.0001; D.F. 2; D.F. 21). 
Thus, captive pheasants were not attracted by the color of the seed: either treated and 
dyed or untreated and dyed. However, pheasants were slow to commit to one of the seed 
choices initially. One group of pheasants (Group 3) did, however, heavily select the dyed 
seed. This group was considered an outlier as other groups chose the untreated seeds 
(Figure 2.2). 
 Relative to the wild hen pheasant prevalence study, a total of 185 hens was 
collected (Figure 2.3); liver samples were collected from all pheasants, however, we 
collected 182 spleen samples from those carcasses due to three spleens being damaged 
during collection (Figure 2.4). Those three hens were collected from Sully (n = 1) and 
Edmunds (n = 2) counties. Crops also were checked to determine if consumption of 
treated seeds could be identified based on the presence of federally mandated dye. 
However, we could not determine if the dye had been removed from seeds by effects of 
environment or conditions inside the crop, the level to which neonicotinoids remained on 
the seeds, which sowing season they were from, or if consumed treated seeds had passed 
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through the crop. We did, however, determine how many of those hens had consumed 
corn, wheat, or soybean seeds. Of the 185 hens collected, 151 of the hens had consumed 
agricultural seeds/grains that often had neonicotinoid coatings.  
Of the 81.62% of hens that had consumed positively identified agricultural seeds, 
we were able to confirm that 24 or 12.97% had dye indicating the seeds were treated with 
a neonicotinoid insecticide. Liver samples of collected hens that contained dyed seeds 
averaged 3.49 ng/mL(SE 0.74) while those hens that did not contain dyed seeds averaged 
1.90 ng/mL (SE 0.09)Clothianidin; this comparison was significantly different (P<0.04). 
Of the 23 spleens recovered from pheasants with dyed seeds, ELISA results averaged 
4.01 (SE 0.79) ng/mL while other hens had an average of 1.90 (SE 0.12) ng/mL, which 
also was significantly different (P<0.01).  ELISA values for all liver samples averaged 
2.10 ng/mL with the highest concentration of 13.44 ng/mL and the lowest concentration 
of 0.86 ng/mL (Figure 2.4). A breakdown of ELISA by county and number of hens 
collected per that county is shown by Figure 2.5. Of hens with the highest 25 
concentrations of Clothianidin, 8 were confirmed to have neonicotinoid treated seeds in 
crops, with six of them being corn and the other two hens consuming soybeans. Hens 
with confirmed treated seeds for corn, soybeans, and wheat had corrected ELISA values 
that averaged 6.04 (SE 1.55) ng/mL (9 hens), 2.23(SE 0.30) ng/mL (9 hens), and 1.64 
ng/mL (SE 0.43) (7 hens) (F=5.22, P<0.01) (Figure 2.6); one hen had both treated 
soybeans and treated wheat. Corn was significantly different from soybeans and wheat 
(P<0.037: P<0.02), but soybeans and wheat did not differ (0.92) from one another in 
concentration. In contrast, liver samples of hens that did not have agricultural seeds in 
crops averaged 1.94 (SE 0.29) ng/mL (34 hens), while those that had agricultural seeds 
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treated or untreated seeds averaged 2.1388 (SE 0.14) ng/mL (151 hens) and 
concentrations did not differ from one another (P<0.55). 
 We evaluated ELISA results for liver samples using regions that were separated 
by cash rent values in the 2016 South Dakota Ring-Necked Pheasant Management Report 
(South Dakota Game, Fish and Parks 2016) (Figure 2.7). We assumed higher cash rent 
values were correlated with regions with higher amounts of agriculture (Figure 2.8). We 
used QQ plots to test for normal distributions (Figure 2.9a-f). The QQ plots were fairly 
consistent; unfortunately most regions had outliers of samples with high concentrations. 
This was uniform throughout the lower and eastern regions of the state (Figure 2.10). 
Results indicated that regions did not differ relative to each other (F= 1.6385, P = 0.1520; 
D.F. 5; D.F. 179). A Tukey test also indicated that regions were similar (Figure 2.11). 
 As for spleen samples, the average ELISA concentration was 2.17 ng/mL (Figure 
2.4). The highest concentration yielded a result of 17.51ng/mL and the lowest 
concentration was 0.74 ng/mL. Again, out of the top 25, 10 of the collected hens had 
neonicotinoid treated seeds in crops. Seven of the ten hens with the confirmed treated 
seeds had ingested corn seed. The concentrations for the treated seeds for corn, soybeans, 
and wheat were 5.98 (SE 1.67) ng/mL (9 hens), 3.16 ng/mL (SE 0.80) (9 hens), and 2.12 
(SE 0.48) ng/mL (6 hens), respectively. Spleen ELISA results did not differ between 
treated crop types in comparison to the liver results (F=2.58, P<0.10; D.F. 2; D.F. 21) 
(Figure 2.12). Hens that did not contain any agricultural seeds in their crop averaged 1.45 
(SE 0.06) ng/mL, with 32 hens falling into this category; while hens that did have 
agricultural seeds, treated or not, averaged 2.32 (SE 0.19) ng/mL; spleens did show a 
significant difference between birds that had agricultural treated seeds and birds that did 
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not (P < 0.0001). When the spleen concentrations were compared across the regions, we 
saw that there was no significant difference between regions (F= 0.59, P= 0.71; D.F. 5; 
D.F. 176) (Figure 2.13). 
 When comparing the hen results to our standards (Figure 2.14), livers of 8 
individual hens were greater than 2 parts per billion, another 4 hens that showed between 
2 and 1 parts per billion, 17 hens from 1 to 0.5 parts per billion, another 24 hens from 
greater than 0.25 ppb; below this level liver samples became difficult to distinguish 
between standard levels as the results were similar to each other. Spleens form the wild 
hens compared with the results showed us that 15 hens had greater than 2 parts per billion 
of Clothianidin in their system (Figure 2.15). Six other hens had between 2 and 1 parts 
per billion, while 22 more had between 1 and 0.5 parts per billion. Seventeen more were 
contaminated with between 0.5 and 0.25 parts per billion Clothianidin.  
Discussion 
 It is clear that ring-necked pheasants avoid seeds that have been treated with 
neonicotinoids. Whether avoidance was due to taste or color is unknown. For one group 
the color of seeds was not a hindrance, but almost all groups targeted that of the untreated 
and undyed seeds in our study. These results supported research by Lopez-Anita (2014) 
with red-legged partridge, in which birds at first selected Imidacloprid treated and 
untreated in equal portions though quickly switching to consuming untreated seeds in 
much larger portions. Even when red-legged partridge had only the option to consume 
Imidacloprid treated wheat seeds, as no other food sources were presented, the first day 
they consumed similar amounts to the red-legged partridge that had access to only 
untreated wheat seeds and then quickly decreased their consumption as compared to the 
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non-treated seed group (Lopez-Anita 2014). One could postulate that there is some sort of 
recognizable digestive or bodily discomfort that occurs to ring-necked pheasants and red-
legged partridge when they eat neonicotinoid treated seeds. This could possibly deter 
birds from eating treated seeds in the wild if other options are present. However, 
situationally, ring-necked pheasants might have limited options available in the spring for 
forage due to availability. As pointed out by Trautman (1982), agricultural seeds are an 
important part of the spring diet of ring-necked pheasants and since almost all South 
Dakota’s main agricultural seeds are treated with some sort of neonicotinoid coating 
(Dougles 2015; Stokstad 2013; Main et al. 2014) the scarcity of untreated seeds would 
make searching for these seeds by pheasants whom already have smaller home ranges 
unlikely and detrimental. In Palo Alto County, Iowa, ring-necked pheasants had an 
average of 36.6 ha home range and Kossuth County, Iowa, which showed a lower amount 
of grassland, had ring-necked pheasant hens with home ranges that averaged 47.7 ha 
(Schmitz 1999). Therefore, with home ranges smaller than most agricultural row-crop 
fields, it is unlikely that untreated seeds would be available to pheasants. Roy et al. 
(2016) documented with camera traps at seed spill piles that ring-necked pheasants along 
with other avian and mammalian species visit and consume seed in southern and western 
Minnesota; pheasants consumed corn seed at a rate of 15.3 seeds per minute with a max 
of 21 and soybeans at a rate of 18.9 seeds per minute with a maximum of 68 seeds. So to 
summarize, much like the red-legged partridge (Lopez-Anita 2014) ring-necked 
pheasants in our study avoided neonicotinoid treated seeds when other seeds were 
present, but conversely the consumption of neonicotinoid treated seeds does still occur as 
shown by our wild hens and documented by Roy et al. (2016). 
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 As for the wild ring-necked pheasant hens, we did not encounter neonicotinoid 
concentrations at extremely high levels. Though 29 of the 185 (~15.68%) hens had 
measurable amounts of neonicotinoid concentrations greater than 0.5 ppb of 
neonicotinoid compounds in livers, ~15.68% of pheasants with neonicotinoid 
contamination in liver samples were below the 43% in livers of wild turkeys harvested in 
the spring in Ontario, Canada (MacDonald et al. 2018). At 0.25 ppb, the percent of 
pheasants with neonicotinoid contamination was increased to ~28.65% (n = 53 hens).  
The difference may be attributed to the fact that as Roy et al. (2016) noticed for 
pheasants, eastern turkeys consumed treated corn seeds at a much higher consumption 
rate. Lower contamination could be due to a reduced amount of the coating actually 
surviving the sowing process (Sur and Stork 2003). Concentrations also decrease over 
time due to environmental factors breaking down the seed coating (Roy et al. 2016) 
(Figure 2.16). Further, the body attempts to excrete neonicotinoid compounds and does 
so quickly as seen with Wistar rats (Rattus norvegicus) (Yokota 2003). However, if the 
body does not excrete it fast enough and our crop contents only show a short feeding 
period, contamination could approach the LD50. 
Crop contents confirmed that agricultural seeds are important to hens in the spring 
and those that did have treated seeds in their crop had some of the highest concentrations 
in liver and spleen samples. Corn also was shown to be the most dangerous seed type of 
the three types, being corn, wheat, and soybeans. Ring-necked pheasants that do find corn 
seed or other agricultural seeds that have not lost much of the neonicotinoid seed coating 
could pose a danger to ring-necked pheasants. The danger could be reduced reproductive 
capability, increased stress, or death if amount consumed accumulates. High amounts 
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could increase the risk of predation if ring-necked pheasant show signs of imbalance or 
lethargy. Gabbert et al. (1999) found that hens in a weakened state, though from winter 
weather conditions, suffered greater mortality rates. 
In our wild pheasant study, we found that though an avoidance of treated seeds 
could be likely when other options are present, consumption of neonicotinoid treated 
seeds still occurs. At times during these feeding events concentrations can reach over 2 
parts per billion in the pheasant’s liver. Seed spills can be a concern as they provide easy 
feeding access to birds and mammals with little expense of energy. Roy et al. (2016) 
calculated spill rates of 2 spills/10,000 acres of corn and 27 spills/10,000 acres or 7 
spills/10,000 acres for soybeans and wheat, respectively, in western and southern 
Minnesota. The thought also is that this number may be low since the calculations were 
only completed with spills visible from the road, which some may have been removed. 
Imdacloprid treated seeds were found in the intestinal tracts of dead and poisoned red-
legged partridge (Berny et al. 1999), which suggests acute poisoning does happen in the 
wild for some gallinaceous birds. Our study does show that amount of neonicotinoid 
concentrated in the liver is usually low. However, acute or chronic neonicotinoid 
poisoning is possible, but not likely since we found few hens suffering from high 
neonicotinoid concentrations. An important point to remember is that with our 
conservative ELISA methods, our numbers may underestimate the actual contamination. 
The number of Clothianidin treated corn seeds estimated to cause acute lethal toxicity 
using the modeling of the EPA’s T-REX system stipulates that the number of corn seeds 
needed to reach an LD50 for a ring-necked pheasant is 379 treated seeds (Roy et al.2016), 
which was below the number of corn seeds we documented in the crop of wild birds. It is 
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important to note that our birds were harvested in the morning during feeding times so it 
is likely they may have eaten more treated seeds if not harvested. The dangers of sub-
lethal effects could certainly pose a great risk to ring-necked pheasant breeding and 
survival though. Further examinations with more collections of wild exposure and 
continued efforts studying the effects of neonicotinoids on ring-necked pheasants will 






Abou-Donia, M. B., L. B. Goldstein, S. Bullman, T. Tu, W. A. Khan, A. M.  
Dechkovskaia, and A. A. Abdel-Rahman. 2008. Imidacloprid induces neurobehavioral 
deficits and increases expression of glial fibrillary acidic protein in the motor 
cortex and hippocampus in offspring rats following in utero exposure. Journal of 
Toxicology and Environmental Health, Part A 71:119-130. 
BASF Agriculture. 2019. Poncho. https://agriculture.basf.com/us/en/Crop-
Protection/Poncho.html (12/15/2018) 
Berny, P. J., F. Buronfosse, B. Videmann, and T. Buronfosse. 1999. Evaluation of the 
toxicity of Imidacloprid in wild birds. A new high performance thin layer 
chromatography method for the analysis of liver and crop samples in suspected 
poisoning cases. Journal of  Liquid Chromatography and Related Technologies 
22:1547-1559. 
Douglas, M. R. and J. F. Tooker. 2015. Large-scale development of seed treatments has 
driven rapid increase in use of neonicotinnoid insecticides and preemptive pest 
management in US field crops. Environmental Science and Technology 49:5088-
5097. 
Gabbert, A. E., Leif, A. P., Purvis, J. R., & Flake, L. D. 1999. Survival and habitat use by 
ring-necked pheasants during two disparate winters in South Dakota. The Journal 
of Wildlife Management 63:711-722. 
Hladik, M. L., D. W. Kolpin, and K. M. Kuivila. 2014. Widespread occurrence of 
neonicotinoid insecticides in streams in a high corn and soybean producing 
region, USA. Environmental Pollution 193:189-196. 
36 
 
Hussein, M., V. Singh, R. Sethi, A. Singh, and M. Hassan. 2014. Study on embryonic 
effects of neonicotinoid insecticide on chick embryos. Journal of the Anatomical 
Society of India 63:125-129. 
Jeschke, P., R. Nauen, M. Schindler, and A. Elbert. 2010. Overview of the status and 
global strategy for neonicotinoids. Journal of Agricultural and Food Chemistry 
59:2897-2908. 
Lopez-Antia, A., M. E. Ortiz-Santaliestra, F. Mougeot, and R. Mateo. 2013. 
Experimental exposure of red-legged partridges (Alectoris rufa) to seeds coated 
with Imidacloprid, thiram and difenoconazole. Ecotoxicology 22:125-138. 
_____. 2014. Experimental approaches to test pesticide-treated seed avoidance by birds 
under a simulated diversification of food sources. Science of the Total 
Environment 496:179-187.  
_____. 2015. Imidacloprid-treated seed ingestion has lethal effect on adult partridges and 
reduces both breeding investment and offspring immunity. Environmental 
Research 136:97-107. 
MacDonald, A. M., C. M. Jardine, P. J. Thomas, and N. M. Nemeth. 2018. Neonicotinoid 
detection in wild turkeys (Meleagris gallopavo silvestris) in Ontario, Canada. 
Environmental Science and Pollution Research 16:16254-16260. 
Main, A. R., J. V. Headley, K. M. Peru, N. L. Michel, A. J. Cessna, and C. A. Morrissey. 
2014. Widespread use and frequent detection of neonicotinoid insecticides in 
wetlands of Canada’s Prairie Pothole Region.  PLOS ONE 9(3): e92821. 
37 
 
Mason, R., H. Tennekes, F. Sánchez-Bayo, and P. U. Jepsen. 2013. Immune suppression 
by neonicotinoid insecticides at the root of global wildlife declines. Journal of 
Environmental Immunology and Toxicology 1:3-12. 
Mineau P., and C. Palmer. 2013. The impact of the nation's most widely used insecticides 
on birds. American Bird Conservancy, USA.Washington, DC. 
Morrissey, C. A., P. Mineau, J. H. Devries, F. Sanchez-Bayo, M. Liess, M. C. Cavallaro, 
and K. Liber. 2015. Neonicotinoid contamination of global surface waters and 
associated risk to aquatic invertebrates: a review. Environment International 
74:291-303. 
Pabian, S., A. Wilson, S. Klinger, and M. Brittingham. 2015. Pennsylvania's 
Conservation Reserve Enhancement Program benefits ring-necked pheasants but 
not enough to reverse declines. The Journal of Wildlife Management 79:641-646.  
RStudio Team (2015). RStudio: Integrated Development for R. RStudio, Inc., Boston, 
MA URL http://www.rstudio.com/. 
Rands, M. R.W. 1986. The survival of gamebird (Galliformes) chicks in relation to 
pesticide use on cereals. Ibis 128:57-64. 
Roy, C., Chen, D., Ponder, J., Jankowski, M. and Coy, P., 2016. Neonicotinoids on the 
landscape: evaluating avian exposure to treated seeds in agricultural landscapes. 
Schaafsma, A., V. Limay-Rios, T. Baute, J. Smith and Y. Xue. 2015. Neonicotinoid 
insecticide residues in surface water and soil associated with commercial maize 
(corn) fields in southwestern Ontario. PLoS One 10:e0118139. 
38 
 
Schmitz, R. A., and W. R. Clark. 1999. Survival of ring-necked pheasant hens during 
spring in relation to landscape features. The Journal of Wildlife Management 
63:147–154. 
Shick, C. 1947. Sex ratio: egg fertility relationships in the ring-necked pheasant. The 
Journal of Wildlife Management, 11(4), 302-306. 
 South Dakota Department of Game, Fish and Parks. 2016. Ring-necked pheasant 
management plan for South Dakota 2016-2020. Wildlife Division Report 5-02. 
South Dakota Department of Game, Fish and Parks, Pierre, South Dakota, USA. 
Stokstad, E.  2013.  Pesticides under fire for risks to pollinators.  Science 340:674–676. 
Sur, R., and A. Stork. 2003. Uptake, translocation and metabolism of Imidacloprid in 
plants. Bulletin of Insectology 56:35-40. 
Tokumoto, J., M. Danjo, Y. Kobayashi, K. Kinoshita, T. Omotehara, A. Tatsumi, M. 
Hashiguchi, T. Sekijima, H. Kamisoyama, and T. Yokoyama. 2013. Effects of 
exposure to Clothianidin on the reproductive system of male quails. Journal of 
Veterinary Medical Science 75:755-760. 
Tomizawa, M., and J. E. Casida. 2003. Selective toxicity of neonicotinoids attributable to 
specificity of insect and mammalian nicotinic receptors. Annual Review of 
Entomology 48:339-364. 
Trautman, C. G.  1982.  History, ecology and management of the ring-necked pheasant in 
South Dakota. South Dakota Department of Game, Fish and Parks, Wildlife 
Research Bulletin Number 7, Pierre, South Dakota. 
Werner, S. J., J. C. Carlson, S. K. Tupper, M. M. Santer and G. M. Linz. 2009. Threshold 
concentrations of an anthraquinone-based repellant for Canada geese, red-winged 
39 
 
blackbirds, and ring-necked pheasants. Journal of Applied Animal Behavior 
Science 121:190-196. 
Yokota, T., K. Mikata, H. Nagasaki, and K. Ohta. 2003. Absorption, tissue distribution, 
excretion, and metabolism of Clothianidin in rats. Journal of Agricultural and 























Figure 2.1. Layout of pens with seed selection. The arrows indicate the right to left 






Figure 2.2. Breakdown of seed consumption by pheasant group. Results indicated that 
little treated seed was consumed and often times other than group three marginal amounts 





Figure 2.3. Number of hen pheasants collected per county. As shown, they occur in 
Eastern South Dakota or just across the Missouri River in Lyman or Tripp counties in the 
case of 11 collected hen pheasants. One hen from Sully and two from Edmunds County 











Figure 2.4. ELISA results with the number of hen pheasants being on the x-axis. This 
shows the strong relationship between neonicotinoid concentration in livers and spleens 























































































Miner 14 3.369886849 
Beadle 10 2.844756656 
Faulk 6 2.680748318 
Spink 6 2.643858412 
Hanson 1 2.487562189 
Brule 10 2.479614835 
Hand 2 2.323840535 
Hyde 3 2.217865021 
Brookings 1 2.214348981 
Lake 2 2.180636337 
Brown 9 2.09911329 
McCook 3 2.087633587 
McPherson 8 2.042624542 
Minnehaha 4 2.017944567 
Hamlin 5 1.972658804 
Moody 1 1.900418092 
Marshall 5 1.882199185 
Edmunds 7 1.844126529 
Aurora 5 1.816465915 
Deuel 3 1.766642369 
Davison 3 1.76085113 
Hughes 7 1.752123608 
Kingsbury 2 1.731513882 
Lyman 6 1.718243488 
Day 5 1.707658693 
Grant 3 1.651334232 
Campbell 5 1.65022256 
Tripp 5 1.649054507 
Dougles 3 1.580995192 
Clark 5 1.546092525 
Walworth 4 1.545796775 
Sully 8 1.529967404 
Roberts 3 1.52686566 
Potter 8 1.454505315 
Sanborn 4 1.335143009 
Codington 5 1.188257508 
 






















3.32 2.47 2.18 1.66 2.00 1.69 
Std. 
Deviation 
4.41 1.82 2.24 0.72 1.14 0.64 
Std. Error 1.67 0.31 0.33 0.12 0.16 0.19 
Hens 7 35 45 34 53 11 
 
Figure 2.7. Average ELISA readings by region and the number of hens that were 







Figure 2.8. 2016 South Dakota Ring-Necked Pheasant Management Plan with regions 
























Figure 2.10. Histogram of the liver concentration (ng/mL) in collected pheasants by the 





Figure 2.11. Tukey test results comparing regions and the ELISA liver concentration 


















Figure 2.12. ELISA results from the spleens of collected pheasant hens and separated by 





Figure 2.13. ELISA concentration results from spleens of wild hens throughout the 




Figure 2.14. Average of liver standards that were run. It is apparent that below 0.25 parts 
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Figure 2.15. Average of spleen standards that were run. It is apparent that below 0.25 




Figure 2.16. Exponential decay model from Roy et al. (2016) shows how neonicotinoid 
concentrations persisted on seeds in the 2016 growing season over a period of 30 days 




CHAPTER 3: EFFECTS OF THE NEONICOTINOID CLOTHIANIDIN ON 
BREEDING AND SURVIVAL OF RING-NECKED PHEASANTS 
ABSTRACT 
Ring-necked pheasants (Phasianus colchicus) are a non-native, gallinaceous game 
bird distributed throughout the United States, especially the Midwest. Populations of the 
species are extremely important for many Midwestern states as they carry an economic 
value, not just in license sales, but in community and statewide revenue. Estimates of the 
economic impact brought to the state of South Dakota in 2014 were around $154 million. 
One of the threats impacting pheasants in South Dakota is how neonicotinoid insecticides 
affect breeding and survival of the species. A common use of the application of 
neonicotinoids is through seed coatings; in fact, coatings are so common that for most 
major crops, like corn, about 100% of seeds are treated before sale. Ring-necked 
pheasants also likely target seed corn during the late spring months as 34.65% of their 
diet is comprised of the food. The objective of our study was to gain an understanding of 
how the neonicotinoid Clothianidin, affects survival and breeding. To test survival of 
pheasants exposed to Clothianidin in the 2016 field season, groups of fifteen captive hen 
pheasants received seeds of Armor
®
 (Jonesboro, Arkansas, USA) Seed Corn 1046 or 
Armor® (Jonesboro, Arkansas, USA) Seed Corn 1046 that had been treated with Poncho 
1250 (1.25 mg/seed). The five treatment levels consisted of 75 treated seeds, 15 treated 
seeds, 2 treated seeds, 1 treated seed, and 0 treated seeds (control). For the four groups 
that did not receive 75 treated seeds, untreated seeds were used to fill out the 75 total 
seeds provided to pheasants. The treatment period lasted 30 days and hens received seeds 
daily. Hens were then monitored for sixty days. After death or euthanasia, hen pheasants 
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were necropsied for lesions or tumors.  In 2017, our breeding study consisted of 14 days 
of treatments for captive pheasants, which were identical to the previous year’s 
treatments except roosters were included with hen pheasants. There were 5 replicates of 
10 hens and 5 roosters. All pheasants received 75 seeds of Armor® (Jonesboro, 
Arkansas, USA) Seed Corn 1046. The same seed and variety also was treated with 
Poncho 1250 for the treated seeds. The levels again were 75 treated seeds, 15 treated 
seeds with 60 untreated seeds, 2 treated seeds with 73 untreated seeds, 1 treated seed and 
74 untreated seeds, and 75 untreated seeds per day for 14 days. After the 14 days of 
treatments hens were placed in breeding cages. Eggs were collected daily, marked with 
hen number/date, and housed in a cool, dark room. Eggs were collected for the 8 days of 
breeding and 30 days following breeding. Every five days, all eggs were placed in an 
incubator. In 2016, survival results showed support for the null model (AICc 123.8758). 
The survival results from 2017 showed the group + time model was best where the lower 
4 treatment were combined explained the most variance (AICs 133.3636). This model, 
though only carried limited support when compared to the treatment level of 75 treated 
seeds versus the other four treatment levels combined. This model indicated that the 
likelihood of survival for pheasants consuming the 75 treated seeds was 0.4873 (95% 
confidence interval of 0.2635-0.7164) while the combined groups had a survival 
probability of 0.8318 (95% confidence interval low being 0.7149 and 0.9070 being the 
high). When the volume of eggs were compared across the treatments using the means 
from each hen for comparison, the results indicated that volume was similar (P = 0.112). 
Results indicated that were no differences between the treatment levels when the mean 
eggs laid per hen were compared. Hatched eggs had their shell thickness measured and an 
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ANOVA was run to compare treatments; egg shells were consistent through all groups as 
well (P = 0.6784). Survival of pheasant chicks differed; chicks from the 75 seed treatment 
had a survival rate of 0.5000 (SEM = 0.1291), the 15 seed treatment had chick survival of 
0.7273 (SEM = 0.1408), the 2 seed treatment had a chick survival of 0.8095 (SEM =  
0.0878), the 1 seed treatment had a chick survival of 0.6176 (SEM = 0.0846), and the 
control treatment had a chick survival of 0.7105 (SEM = 0.0746) (P<0.3121). In addition, 
the average initial nesting period or first egg for the treatment levels of 75,15, 2, 1 and 0 
were as follows, respectively, 5 May, 10 May, 29 April, 30 April, and 29 April. Survival 
results showed that the survival probability was lower for pheasants consuming the 75 
treated seeds treatment in 2017. For breeding effects we saw that there was not 
significant differences in most characteristics, however, chick survival and nest initiation 




CHAPTER 3: HOW THE NEONICOTINOID CLOTHIANIDIN AFFECTS RING-
NECKED PHEASANT BREEDING AND SURVIVAL 
Objectives: 
 Understand how Clothianidin treated seeds affect survival of ring-necked 
pheasants. 
 Investigate how Clothianidin treated seeds affect the breeding of ring-necked 
pheasants and the survival of their chicks. 
Introduction 
Ring-necked pheasants are a non-native, gallinaceous game bird that is distributed 
throughout many parts of the United States, especially the Midwest. Ring-necked 
pheasants are moderately sized, with males weighing just under 3 pounds (~1.36 kg) and 
hens weighing a bit over 2 pounds (~0.91 kg) (Farris et al. 1977). Males display colorful 
plumage with bluish/green heads, a white ring around the neck, and bronze bodies with 
long tails, while hens display a buffy, tan plumage (Farris et al. 1977). Their diets consist 
of insects, seeds, and vegetation, which show varying percentages depending on life 
stage. The population of pheasants in South Dakota has been known to fluctuate with 
boom periods that correspond with periods of good habitat and suitable weather 
conditions. Conditions favorable or disadvantageous can lead to boom and bust years 
since ring-necked pheasants have high turnover rates of 48-81% (Breitenbach 1963). The 
ring-necked pheasant population of South Dakota was estimated to be 7.5 million birds in 
2014 (South Dakota Game, Fish and Parks 2016). 
 Ring-necked pheasants are extremely important for many Midwestern states as 
they carry an economic value, not just in license sales, but in community and statewide 
revenue. An estimate of the economic impact brought to the state of South Dakota in 
2014 was around $154 million (South Dakota Game, Fish and Parks 2016). Maintaining 
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healthy populations of pheasants that have high turnover rates can bring unique 
challenges, which is why knowledge of threats and the understanding the magnitude of 
those effects is important. One potential threat in South Dakota is how neonicotinoid 
insecticides affect the life history of ring-necked pheasants. Ring-necked pheasant 
populations have experienced declines in recent years, especially in areas of highly 
intensified agriculture (Pabian 2015). Pabian (2015) mentioned changes in the 
agricultural landscape such as increased monoculture fields, loss of wetlands, and 
increased pesticide use. All these factors can have negative effects on ring-necked 
pheasant populations. However, one factor that has been more difficult to grasp is effects 
of pesticides. 
 In 1999, a new class of insecticides named neonicotinoids was commercialized to 
the market and has become dominate since (Abou-Donia et al. 2008). Potential impacts 
included in the Environmental Protection Agency’s review brought up serious concerns 
for birds being, acutely and chronically harmed from exposure to Imidacloprid and 
chronic breeding effects from exposure to Clothianidin (Mineau et al. 2013). These new 
pesticides represented a shift away from organophospate insecticides that were 
considered dangerous to non-target organisms (Schaafsma 2015). Water solubility and 
systematic nature of these chemicals, compounded by the fact the class of chemicals has 
a higher binding affinity in insects help make them effective against insects (Tomizawa 
and Casida 2003).  
Neonicotinoids are most frequently applied as seed coatings; in fact, this method 
of application is so common that most major crops, like corn, are treated before sale and 
non-treated seeds are considered rare and are specially made (Douglas et al. 2015). The 
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majority of South Dakota’s major crop seeds (e.g., corn, soybeans, and wheat) are 
ordinarily coated with one of the neonicotinoid active ingredients (≥94% of U.S. corn, 
~50% of U.S. soybeans; Stokstad 2013); Thiamethoxam, Imadacloprid, Clothianidin 
(Main et al. 2014). In 2009, neonicotinoids were so widely used that the Imidacloprid 
market totaled about $1.09 billion worldwide with Clothianidin and Thiamethoxam 
accounting for $439 and $627 million, respectively (Jeschke et al. 2010). Some of the 
common trade names for these chemicals include Cruiser® (Syngenta International AG, 
Basel, Switzerland), which contains thiamethoxam, Gaucho® (Bayer AG, Monheim am 
Rhein, Germany) whose main neonicotinoid is Imidacloprid, Poncho® (Bayer AG, 
Monheim am Rhein, Germany) whose main ingredient is Clothianidin, and Acceleron® 
(Monsanto, Saint Louis, Missouri, USA), which also has a main component of 
Clothianidin.  
Amount of chemical on seeds (seed coatings) also can vary; Poncho®, can be 
purchased in treatment levels of Poncho 250 (0.25 mg/seed), Poncho 500 (0.5 mg/seed), 
and Poncho 1250 (1.25 mg/seed) for corn as outlined by the BASF Agricultural Chemical 
webpage for Poncho® (Badische Anilin- und Soda-Fabrik of Ludwigshafen, Germany) 
(BASF 2019). Neonicotinoid chemical compounds can be found throughout the 
environment. In Iowa, neonicotinoids (especially Clothianidin) were regularly found in 
rivers and streams often at a higher rate than older organophosphorus and carbamate 
chemicals (Hladik et al. 2014). These chemicals disassociate from seeds with estimates 
being only 1.6 to 20% of the treatment surviving the sowing process (Sur and Stork 
2003). They also have extremely long half lives in the soil; for example, Clothianidin can 
be persistent in the environment and has a half-life of over 500 days (Mason et al. 2013) 
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with some residues lasting up to 1,386 days in the soil (Morrissey et al. 2015). As a 
consequence, their effects may be far reaching. Due to the increasing role of pesticides 
and herbicides in crop management, farmland habitat may negatively impact insect prey 
availability (Sanchez-Bayo and Wyckhuys 2019) and therefore, survival of wild 
gamebird chicks, particularly because chick survival has been shown to be positively 
correlated with insect prey availability (Rands 1986).  
Ring-necked pheasants may eat treated seeds in row crops fields or food plots as 
other food or insects may not be as readily available. The South Dakota Department of 
Agriculture (Pierre, SD, USA) conducted a survey of sunflower farmers where 98% of 
producers indicated that ring-necked pheasants consumed some of their seeds or 
seedlings in 2009 (Werner 2009). Ring-necked pheasants also consume seed corn. During 
the late spring months around 34.65% of a pheasant’s diet is comprised of corn 
(Trautman 1982). In addition, wild turkeys (Meleagris gallopavo) harvested in the spring 
in Ontario, Canada had 43% of livers contaminated by a neonicotinoid compound 
(MacDonald et al. 2018). 
Neonicotinoid concentrations can be deadly for birds. The dangers posed by seeds 
that were treated with Imidacloprid at 1.4 mg/g per seed, twice the labeled rate, had a 
mortality rate of 58% even though birds were given the option to eat or avoid the seeds in 
10 days of feeding (Lopez-Antia et al. 2013). When this study was replicated by the same 
group of researchers the following fall and spring mortalities increased as no red-legged 
partridge (Alectoris rufa) survived beyond 21 days; results indicated a bias toward 
females suffering mortalities first as Imidacloprid was beginning to concentrate in livers 
(Lopez-Antia et al. 2015). If the eggs themselves have neonicotinoid contamination the 
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chemical also can be lethal for the embryos. Hussein et al. (2014) found that 50 μl of 
Imidacloprid injected into white leghorn chicken (Gallus gallus domesticus) eggs 
decreased embryo survival to 54.3% and increased developmental problems. Clothianidin 
also was lethal to male quail at 50 mg/kg of body weight causing death in a test subject 
after 8 days (Tokumoto et al. 2013). 
Neonicotinoids also can cause sub-lethal effects that can negatively affect the 
lifestyles of contaminated birds. Lopez-Antia et al. (2013) found that partridge 
consuming wheat treated at labeled rates and partridge that consumed wheat seeds treated 
at twice the labeled rate, fertility was significantly lower than for red-legged partridge 
that did not have access to Imidacloprid treated seeds, and that the contaminated hens laid 
less eggs and delayed their laying (Lopez-Antia et al. 2015). Tokumoto et al. (2013) 
documented that Clothianidin caused increases in fragmented sperm in male quail, 
though this finding did not indicate a statistical difference in fertility compared to the 
control. Tokumoto et al. (2013) showed signs that Clothianidin at 50 mg/kg of body 
weight caused convulsions, crouching, tottering, and feather ruffling in male quail. 
The previous chapter outlined that even though there is avoidance to 
neonicotinoids when other options are easily accessible, in the wild individual ring-
necked pheasants still encounter neonicotinoids throughout South Dakota. However, 
some of the individuals were found to have higher levels of neonicotinoids. It is 
important to investigate how different amounts of the common neonicotinoid insecticide 




 Our study was conducted within the poultry building at the South Dakota State 
Fairgrounds in Huron, South Dakota. We conducted our experiment on survival of 
pheasants during spring-summer 2016 and 2017, and our experiment on breeding of 
pheasants in spring-summer 2017. The poultry building had an abundance of windows 
that allowed for natural lighting conditions. In addition, each side of the building had off 
rooms that allowed for feed and sample preparation, which reduced human presence 
(when not gavaging) during trials. In addition, for our survival study, tarps were placed 
between treatments. The survival study that took place in 2016 involved using two 
separate types of cages for pheasant hens. Upon arrival from MacFarlane Pheasants 
Incorporated of Janesville, Wisconsin, hen pheasants were placed into individual cages 
that measured 45.72 cm in length, 38.10 cm in width, and 45.72 cm in height. Each 
individual cage had a pvc trough on the back that allowed access to food and an 
individual water container on the inside of the cage. After the first month of the survival 
experiment the remaining hens (62 hens) were placed in pens that measured ~2.44 m in 
width, ~7.32 m in length, and ~2.13 m in height with a light tarp placed on the top of 
pens. We placed a feeder (Little Giant Metal Hanging Feeder 192 oz. [12 lbs.]), water 
container (Little Giant plastic 18.93 L (5 gallon)), and dusting pan (rubber ~7.57 L [2 
gallon]) filled with gravel inside pens. 
 In 2017, the survival and breeding study also occurred in the poultry building in 
Huron, South Dakota. Upon arrival from Gisi Pheasant Farms (Ipswich, South Dakota), 
hen pheasants were placed in cages identical to the previous year. Individual cages 
measured 45.72 cm in length, 38.10 cm in width, and 45.72 cm in height and cages were 
placed in rows adjacent to one another. After 14 days, hen pheasants were moved to 
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breeding pens that measured ~1.71 m in width by ~1.83 m in length by ~0.91 m in height. 
Pens had dividers that created two pens with separate water containers and pvc feeders.  
Methods 
Our survival study began on 9 March 2016 when birds were received from 
MacFarlane Pheasants Incorporated of Janesville, Wisconsin. Upon arrival, pheasants 
were placed in individual cages, inspected, banded, and weighed. They were then allowed 
to acclimate to pens until treatments began on 7 April 2016. There were 5 replicates of 15 
hen pheasants established for this experiment. All five replicates were composed of 
healthy hens based on external condition, weight, feel of breast muscle, color, absent of 
injury, and exhibiting normal behavior. All hens were given non-medicated Meat Maker 
(ADM Animal Nutrition, Quincy, IL) and water ad libitum.  
All replicates received 75 seeds of Armor
®
 (Jonesboro, Arkansas, USA) Seed 
Corn 1046 or Armor® (Jonesboro, Arkansas, USA) Seed Corn 1046 that had been treated 
with Poncho 1250. To ensure seed consumption, birds were gavage fed at one time per 
day. The process was completed as quickly as possible, but pheasants did not appear 
excessively uncomfortable where injury would occur from damage to the esophagus. To 
ensure that pheasants were capable of consuming 75 seeds, we gave 15 pheasant roosters 
2 hours and a separate 15 roosters 4 hours to consume seed kernels ad libitum. In the 4 
hours of ad libitum feeding the average seed consumption was 72.2 seeds (SEM = 7.49); 
in the two hours of ad libitum feeding the average seed consumption was 64.8 (std. error 
6.78) seeds. The highest seed consumption was 147 seeds during the two hour period.  
Number of seeds treated with Poncho 1250 differed among the five groups. 
Treatments were 75 treated seeds, 15 treated seeds, 2 treated seeds, 1 treated seed, and 0 
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treated seeds (control); each hen received a total of 75 seeds.  Those treatments that 
received less than 75 treated seeds received the remainder of untreated seeds by treatment 
level. Hen pheasants received their treatment of 75 seeds every morning for thirty days. 
We estimated the amount of Clothianidin received for a day and treatment period (Figure 
3.1). If a hen pheasant died during the treatment period it was necropsied the day the 
mortality was discovered. We checked condition of mortalities by searching for 
tumors/abscesses, internal lesions, obstructions or pressure against the airway, excessive 
pooling of blood by the heart, damaged crops, or other abnormalities. Pheasants were 
then dissected and samples collected for later testing of Clothianidin concentration using 
ELISA kits. Pheasants that survived trials were monitored for 60 days post treatment.  
 For the breeding study, 75 (50 hens and 25 roosters) pheasants were received 
from Gisi Pheasant Farms (Ipswich, South Dakota) on 16 April 2017. The acclimation 
period was set at 28 days to ensure that hens had shed sperm received prior to initiation 
of our study as ring-necked pheasant hens can hold the sperm of males for an average of 
22 days (Shick 1947).  Therefore, the acclimation period plus 14 days of treatments 
reduced the chance of fertilization with a rooster that had not undergone treatment. The 
14 days of treatments that the pheasants received were identical to those of the previous 
year’s treatment levels. There were 5 replicates of 10 hens and 5 roosters. All pheasants 
received 75 seeds of Armor® (Jonesboro, Arkansas, USA) Seed Corn 1046. That seed 
variety was treated with Poncho 1250 (treated seeds only). Levels again were 75 treated 
seeds, 15 treated seeds with 60 untreated seeds, 2 treated seeds with 73 untreated seeds, 1 
treated seeds and 74 untreated seeds, and 75 untreated seeds (control) per day for 14 
days. After the 14 days of treatments, hens were placed in breeding cages. Each hen 
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received half of each breeding cage (0.9144 m by 1.7082 m) and kept isolated except 
when roosters were introduced. Each hen was housed with a rooster for four days over an 
eight day period (roosters were removed the third day and reintroduced on day four (two 
days per period). Eggs were collected daily, marked with hen number/date and housed in 
a cool, dark room. Eggs were collected for the 8 days of breeding and 30 days following 
breeding. 
Every five days all eggs were placed in a 1502 incubator (G.Q.F Manufacturing 
Company, Savannah, GA). The incubator was turned on one week before use to ensure 
that temperature was consistent, the tilting of the tray was working correctly, and 
humidity was correct. Eggs were incubated at ~37.22
˚
C, relative humidity was 
maintained around 50%, and trays tilted regularly (every half hour tilt changed). We 
measured volume of eggs via water displacement in a graduated cylinder (Flint and 
Grand 1996; Rush et al. 2009). Eggs were placed point down and as soon as peeping 
occurred they were placed in a separate blocked section of the bottom tray so each 
pheasant chick could be tracked to its parental group and egg shell. Pheasant chicks that 
hatched were banded, weighed, and measured (right leg tarsus). Metrics were collected 
on day of hatching and at 8, 16, and 32 days post hatch. We measured shell thickness of 
all collected eggs. All adults and chick pheasants were given non-medicated Meat Maker 
(ADM Animal Nutrition, Quincy, IL) and water ad libitum throughout the experiment. 
Statistical Methods 
The survival analysis was conducted using Program Mark version 8.1 (White and 
Burnham 1999). We ran a set of models including time, treatment, treatment plus time, 
and treatment times time. In some models, we combined treatment levels (15, 2, and 1 
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treated seeds and control) versus the higher treatment level (i.e., 75 treated seed 
treatment). In the 2017 results, sex also was a covariate.  Both field seasons were 
combined and an Analysis of Covariance (ANCOVA) was run to see if an LD50 could be 
estimated using SYSTAT (Version 13). To look at body weight changes an ANOVA in 
SYSTAT (Version 13) was completed to see if there were any differences. We used 
RStudio Version 3.2.3 (2015) for testing of treatments using ANOVA. When using the 
data for ANOVAs, the means per hen were calculated and then means per treatment run 
to ensure that hens who were highly productive did not bias results. What this means is 
that some hens had more chicks within groups and we did not want one hen or her 
progeny to bias results. Chick survival data was run on SYSTAT (Version 13) to 
determine if survival decreased with increase in consumption of treated seeds in 
treatments. 
Results 
Survival models that were created for the 2016 field season were a null model, 
multiple models of group comparisons (all treatment levels separated, the lower four 
treatment levels combined versus the treatment level of 75 treated seeds, and the lower 
three treatment levels combined versus the treatment of 15 treated seeds and 75 treated 
seeds), multiple group times time models (all treatment levels separated, the lower four 
treatment levels combined versus the treatment level of 75 treated seeds, and the lower 
three treatment levels combined versus the treatment of 15 treated seeds and 75 treated 
seeds), a time model, and group plus time model.  
The first thirty days were used in modeling as after thirty days, deaths were attributed, in 
part, to prolonged captivity. There was no pattern to deaths that was attributed to 
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treatment over the sixty-day monitoring period. The null model received the greatest 
support though it was limited. The second strongest model that held a majority of the 
power were the models where treatment was the factor (Figure 3.2). The null model 
showed the greatest support for the 2016 field season suggesting that there was no 
difference in survival between treatment levels.  Model likelihood indicated that group 
models then held the most strength. The comparison of group models indicated that the 
greatest support was for the model where the treatment group of 75 treated seeds was 
compared against all the other treatments combined. Estimated survival probabilities 
were; survival for 75 treated seeds per day for thirty days was 0.7097 (confidence interval 
low 0.4344 and high of 0.8861) and survival for the other four treatment levels was 
0.8337 (confidence interval low 0.7180 and high of 0.8861). When all groups were 
separated the survival probabilities for the treatment levels of 75, 15, 2, 1, and 0 treated 
seeds were as follows, respectively: 0.71 (SEM = 0.12), 0.80 (SEM = 0.10), 0.81(SEM = 
0.10) , 0.87 (SEM = 0.09), and 0.86 (SEM = 0.09) (Figure 3.3). 
Survival results from 2017 indicated that treatment plus time models explained 
the most variation in the data (Figure 3.4). The strongest model that carried limited 
support, was the treatment plus time model that had the treatment level of 75 treated 
seeds compared to the other four treatment levels. This model indicated that the 
likelihood of survival for the 75 treated seeds treatment level was 0.49 (low confidence 
interval of 0.26 and a high confidence interval 0.72) while the combined groups had a 
survival probability of 0.83 (low confidence interval of 0.71 and a high confidence 
interval 0.91). This was a significant change in survival probabilities from 2016, although 
the pattern of survival was consistent across the two years of the study. When the 
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treatment plus time model was separated into the treatment levels of 75, 15, 2, 1 and 0 
treated seeds the survival probabilities were as follows, respectively: 0.49, 0.74, 0.93, 
0.93 and 0.71 (SEM=  0.12, 0.11, 0.06, 0.06, and 0.12 for treatments respectively) 
(Figure 3.5). There clearly was reduced survival for hens and roosters involved in the 
2017 study. When the 2016 and 2017 hens were necropsied no gross tumors or lesions 
were found in any of the individuals. 
The ANCOVA gave us a result that was significant (P = 0.016, SE = 57.58, AICC 
97.87) for a 15 day daily LD50. The constant coefficient was 164.37 and the coefficient of 
the 15 day lethal dose LD50  was -174.92. So to determine the LD50 for a daily dose we 
added the constant coefficient with the treatment coefficient which was multiplied by 
0.50. The equation was 164.37-(174.92*0.5)= ~77.18 seeds. The reason we choose to use 
the 15 day survival is that though hen pheasants were treated for 30 days in the first field 
season they were only treated 14 in the second and thus, fitting the 15 day model better.  
For the weight difference from the beginning of treatments to the end in 2016, the 
ANOVA was not significant (F=1.19, P= 0.32; D.F. 4: D.F. 70). A summary of the data 
is shown in Figure 3.6. The ANOVA for weight differences during treatments was 
significant for the 2017 field season (F= 5.34, P=.001; D.F. 4: D.F. 70).The treatment 
levels that were different for the 14 days were the 15 treated seeds versus the 0 treated 
seeds treatment (P=0.02), the 15 treated seeds treatment versus the 1 treated seed 
(P=0.001), and the 15 treated seeds versus the 2 treated seeds treatment (P=0.02). No 
other treatments were significant (Figure 3.7). 
When the volume of the eggs was compared across the groups using the means 
from each hen for comparison, there was no difference in volumes across treatments (F = 
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2.6, P = 0.11; D.F. = 4; D.F. 29) (Figure 3.8). For the eggs laid per hen the results were 
much of the same with no differences between the treatment levels when the mean eggs 
laid per hen were evaluated (F = 0.55, P = 0.70; D.F. = 4; D.F. = 29) (Figure 3.9). Egg 
shell thickness of hatched eggs was consistent across treatments as well (F = 0.5815, P = 
0.6784; D.F. = 4; D.F. = 23) (Figure 3.10).  
The pheasant chicks, however, had the greatest difference referencing survival; 
pheasant chicks from the treatment level of 75 treated seeds had a survival of 0.5000 
(SEM = 0.1291), the 15 treated seeds level had a survival of 0.7273 (SEM = 0.1408), the 
2 treated seeds group had a chick survival of 0.8095 (SEM = 0.0878), the group with one 
treated seed had a chick survival of 0.6176 (SEM = 0.0846) and the group that had 0 
treated seeds had a survival of 0.7105 (SEM = 0.0746). When the lower four treatments 
were combined and compared against the treatment of 75 treated seeds, survival for the 
75 treated seeds was 0.5000 (SEM = 0.1291) and survival for the other treatments 
averaged 0.7019 (SEM = 0.0451). Our SYSTAT results indicated that there was a 
significant difference in chick survival (P<0.0001). When survival was regressed with 
number of treated seeds consumed, results indicated that if the hen consumed 75 treated 
seeds a day the survival of the chick was 0.51 and if the hen had consumed 20 treated 
seeds per day it would lower chick survival to 0.67. When an ANOVA was conducted to 
see if there were treatment differences in the growth of chicks, there was no significant 
difference among treatments (F= 1.75, P= 0.15; D.F. = 4; D.F. = 115) (Figure 3.11). 
The average initial nesting period or first egg for the treatment levels of 75, 15, 2, 
1 and 0 were as follows, respectively: 5 May, 10 May, 29 April, 30 April, and 29 April. 
The difference in nest initiation was 5-6 days for the treatment level of 75 treated seeds 
72 
 
and 10-11 days for treatment level of 15 treated seeds when compared to the other 
treatment levels. Eggs from all groups had some eggs develop, but not hatch (Figure 
3.12). 
Discussion 
Statistical analysis in 2016 for adult hen pheasants did not confirm differences 
among treatments indicating that the groups receiving higher Clothianidin concentrations 
had similar survival rates but in the two treatments that did receive higher treatment 
levels of Clothianidin, fewer hens survived the treatment period; 2016 survival 
probabilities are as follows respectively for highest to lowest treatment 0.71, 0.80, 0.81, 
0.87, and 0.86. The treatment level that received 75 treated seeds had 3 hens die within 
the first six days. No other treatment group suffered losses in the first six days of trials 
(Figure 3.13).  Our data did not confirm the mortality rate of 58% found by Lopez-Anita 
et al. (2013), but they did use Imidacloprid and did not supplement any alternative foods 
in the 10 days of the study. When our results were compared to quail that were 
administered Clothianidin, our survival was more similar; around 85.7% for quail at the 
higher doses, which was 50 mg/kg of body weight for quail (Tokumoto et al. 2013) 
versus 45.94 mg of Clothianidin per pheasant for thirty days. The 75 treated seeds 
treatment level did show a lower survival rate making it reasonable to postulate that the 
neonicotinoid Clothianidin could have a lethal effect at high levels of consumption. 
During the monitoring period, however, individual hens continued to die likely due to the 
prolonged captivity issues and not related to treatments. The second field season 
indicated that survival differed for treatments through 30 days at 0.49 (low confidence 
interval of 0.26 and a high confidence interval 0.72) while survival other treatments 
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combined was 0.83 (low confidence interval of 0.71 and a high confidence interval 0.91) 
(Figure 3.14). The rate of deaths of pheasants after treatment was an indication of how 
poor the condition of the individuals within the 75 treated seed treatment were post 
treatment. The hens that died quickly after treatment had poor locomotion and were in a 
weakened state. Roosters and hens in the 75 treated seed treatment level also seemed to 
have reduced survival (Figure 3.15; Figure 3.16). For the second field season the 75 
treated seeds treatment survival did approach the results of Lopez-Anita (2013), which 
also was a lower survival rate than Tokumoto et al. (2013) had documented for quail. 
However, both field seasons had better survival rates than the 2015 study from Lopez-
Anita where no red-legged partridge survived thirty days when consuming only treated 
seeds (Lopez-Anita 2015).  
Non-lethal effects were noticed and were consistent. The higher treatment level of 
75 treated seeds saw 13 hens in 2016 and 7 hens and 2 roosters in 2017 having lethargy 
for around 15 to 30 minutes after the treatment, poor balance for short to extended 
periods of time, occasionally body convulsions, excessive water excretion, and briefly 
weakened escape reflexes. The three hens that died in the 75 treated seeds treatment level 
all suffered from locomotive issues after the second day of treatments. The group that 
received 15 treated seeds showed  symptoms similar to higher treatment levels with 
occurrences of an individual suffering from these symptoms once per week; those that 
did were usually very brief balance issues and sometimes quick convulsions. The length 
of time they displayed these characteristics decreased to a maximum of 15 minutes. 
These characteristics also were documented by Lopez-Anita et al. (2015) and Tokumoto 
et al. (2013).  
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Lopez-Anita et al. (2015) had 0 of the 30 red-legged partridge survive the 25 day 
treatment when fed wheat seeds treated with Escocets
®
 (Bayer  AG, Monheim am Rhein, 
Germany) whose main ingredient was Imidacloprid. Our study dealt with the less lethal 
Clothianidin though, which is considered to be less lethal than Imidacloprid with an 
estimated LD50 of  271 mg/kg for Clothianidin and 11 mg/kg for Imidacloprid (Roy et al. 
2016). Tokumoto et al. (2013) had one of the seven male quail at their high dose level of 
50 mg/kg of body weight of Clothianidin for 30 days die, resulting in a survival rate 0.86. 
Our hens had an average weight of 1.09 in 2016, meaning they were receiving in the high 
group 42.14 mg/kg of body weight with survival rates being 0.71 and even lower survival 
rates in 2017 at 0.49 (low confidence interval of 0.26 and a high confidence interval 
0.72). We did see more deaths and lower survival rates than Tokumoto et al. (2013), 
especially when you consider the lower consumption per body weight, but results were 
closer to Tokumoto et al. (2013) than Lopez-Anita (2013; 2015).  
Our results indicate that ring-necked pheasants can and will die from acute 
Clothianidin poisoning if they find access to sufficient treated seeds, but mortality is less 
likely as the amount of seeds needed to reach the estimated LD50 is 379 seeds (Roy et al. 
2016), though some pheasants in our study died from less than that amount. Roy et al. 
(2016) estimates that 379 treated corn seeds are needed for  a LD50, but our estimates for 
a daily dose LD50 was 77.2 treated seeds that have not been sown and treated with 
Poncho 1250. It is important to keep in mind that very little of the treatment survives the 
sowing process, usually less than 20 percent (Sur and Stork 2003) but if there is a seed 
pile from human error when filling the planter much more of that seed treatment would 
have the potential to remain on the seed. Roy et al. (2016) calculated spill rates of 2 
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spills/10,000 acres of corn and 27 spills/10,000 acres or 7 spills/10,000 acres for 
soybeans and wheat, respectively in western and southern Minnesota. Their concern was 
that seed piles were searched for from the road causing numbers to be less because 
producers are more likely to clean up spills next to roads. Often times the environment 
will continue to break down the neonicotinoid with concentrations on the seed 
dramatically decreasing over thirty days (Roy et al. 2016). 
The non-lethal effects can be far reaching. If hens are in a weakened condition 
that would make them more easily predated. Farris et al. (1977) followed a flock of 
pheasants throughout an entire year; during the winter they watched as hens weakened 
from the storm the previous day before falling victim to predation because of an inability 
to escape. It is difficult to predict if the magnitude of non-lethal effects correlate with 
predation because of environmental variables, but might be of concern as pheasants are 
prey for multiple predators. One factor that is important is that all pheasants in our study 
had the convenience of high quality food, which could have better helped them deal with 
stress and impacts of Clothianidin as hens that have greater fat stores have a greater 
ability to handle stress (Kabat 1956), which could have inflated survival, decreased non-
lethal effects, and diminished breeding complications.  
Consumption of Clothianidin by pheasants is of concern in that it can cause 
chronic breeding effects (Mineau et. al 2013); our study found some differences in 
breeding biometrics. We did see lower chick survival from hens/roosters that received the 
treatment of 75 treated seeds. Hussien et al. (2014) found that Imidacloprid 
contamination can be fatal for embryos of chickens. Our findings could imply carryover 
from the adult cause chicks to be less likely to survive. This is important for ring-necked 
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pheasants as the species relies heavily on recruitment to maintain/grow populations. We 
also saw that the hens that received more Clothianidin initiated nests later, which was 
also documented by Lopez-Anita (2015).  When pairing these results with those from our 
seed selection studies we conclude that though concentrations of neonics in pheasants are 
generally low in the wild, they could represent an important factor affecting, ring-necked 
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Clothianidin Per Day 
(mg) 
Clothianidin Per 
14 Days (mg) 
Clothianidin Per 30 
Days (mg) 
75 Treated Seeds 45.9375 643.1250 1378.125 
15 Treated Seeds 9.1875 128.6250 275.625 
2 Treated Seeds 1.225 17.1500 36.75 
1 Treated Seed 0.6125 8.5750 18.750 
0 Treated Seeds 0 0 0 
 
Figure 3.1. Amount of Clothianidin received by individual ring-necked pheasants 










No. Par. Deviance 










126.7038 2.8280 0.12449 0.2432 3 29.2076 
Survival by 
Group 





130.8511 6.9753 0.01565 0.0306 12 14.6226 
Survival by 
Time 
131.9399 8.0641 0.00908 0.0177 6 28.2932 
Group Plus 
Time 





141.8607 17.9849 0.00006 0.0001 18 12.6611 
Group*Time 156.3835 32.5077 0.00000 0.0000 30 -0.0000 
 
Figure 3.2. Program Mark survival results from the 2016 field season on hen pheasants. 
The top model is the null hypothesis. The next three models are the group effects. The 
bottom four combined is the groups that got 0, 1, 2, and 15 treated seeds versus the group 
that got 75 treated seeds. The bottom three groups combined show the hens that received 
0, 1, and 2 versus the group of hens that received 15 treated seeds versus the group that 
received 75 treated seeds. The model below that is the comparison of all groups against 
each other. The other models show a model where time is the factor, groups plus time, 





Figure 3.3. Survival probabilities for ring-necked pheasants using the Program MARK 



























2016 Survival By Treatment 
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134.0033 0.6397 0.25793 0.7262 8 117.6234 
Group Plus 
Time 




135.2509 1.8873 0.13823 0.3892 11 112.5487 
Survival by 
Time 
138.6185 5.2549 0.02566 0.0723 6 126.3980 
Sex Plus 
Time 





139.6282 6.2646 0.01549 0.0436 12 114.7962 
Survival by 
Group 




143.2436 9.8800 0.00254 0.0072 6 131.0232 





149.0893 15.7257 0.00014 0.0004 18 111.2356 
Group*Time 165.5601 32.1965 0.00000 0.0000 30 100.3500 
Group*Time 
With Sex 
166.4058 33.0422 0.00000 0.0000 31 98.8327 
Figure 3.4. Program MARK models and results for captive ring-necked pheasants from 





Figure 3.5. Shows the survival probability by treatment level for group plus time models 





























2017 Survival by Treatment 
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Treatment 75 15 2 1 0 
Mean -0.09 -0.10 -0.13 -0.06 -0.08 
SD 0.08 0.06 0.09 0.10 0.07 
SEM 0.02 0.02 0.02 0.03 0.02 
 






Treatment 75 15 2 1 0 
Mean (Kg) -0.08 -0.13 -0.04 -0.01 -0.03 
SD 0.07 0.08 0.08 0.08 0.10 
SEM 0.02 0.02 0.02 0.02 0.03 
 






Figure 3.8. Egg volume by treatment level using the mean volumes for each captive hen 








































8 84 16.8000* 0.1905 16 0.5000 
15 Treated 
Seeds 
6 76 12.6667 0.1447 11 0.7273 
2 Treated 
Seeds 
9 117 13.0000 0.1795 21 0.8095 
1 Treated 
Seeds 
9 176 19.5556 0.1932 34 0.6176 
0 Treated 
Seeds 
7 108 15.4286 0.3518 38 0.7105 
 
Figure 3.12. Overview of the results from the breeding study in 2017. The asterisk by the 
average eggs per hens shows the results not including three hens of 75 treated seeds 







Figure 3.13. Number of surviving hen ring-necked pheasants per treatment level over the 
survival study in 2016. The thirty days of treatments and sixty days of monitoring. Deaths 
during the monitoring period were more a consequence of poor condition and not 





































Figure 3.14. Number of individuals per group over the thirty day period for pheasants 
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Figure 3.15. Number of male ring-necked pheasants that were alive during the thirty day 
period in 2017. One rooster out of the group of 75 treated seeds was in poor condition 
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Figure 3.16. Number of hen ring-necked pheasants surviving the 2017 field season as the 
days increase. As seen with the male pheasants, the treatment of 75 treated seeds also had 
























Number of Days 
2017 Hens By Group 
0 Treated Seeds
1 Treated Seeds
2 Treated Seeds
15 Treated Seeds
75 Tretaed Seeds
